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2000 



.^o] 4-9] -fM# Sl^± B0D1- "'rlj aItt afl^ 

4. BOD u}oi 0_AjlA-joll Af-g-5)^ /Jf^S ^O] ^ 7 }s[^ .*fl-££ 

<£H ••1^2] ^o^ V,^ Hfl^ ^ ^o)) 1^5] Afl^ol A}-g. 

# sit}. itfeH, BOD «>o!o_a]1a^ o]o)^oi njA^o] ojo] ^-^^ ol 

0_n} sfl^ofl 45]- •'• Afl^-S] §^Ol -B-X]^ ^ OjU^_ uj-oj^AflA^ °- c£ _g. X- [*] 

i 1 

=4r<* 2)-oj 7^7] ^ -r- D H 7 H^l A a#<2s^i*l, ^-s}- U )l°o= 




[ ; cJ Ml Ml 

u] ;i -Ul '->"'! ^-5HH°o l ^ fr^ll-^ L 3l BOD $'4%- u>o)o_^a^ { An 

Electrochemical Method for Enrichment of Microorganism, and a Biosensor for Analyzing 
Organic Substance and BOD} 

^ £. 1-& ^S-^l ^ti^l ^ ^j-g. ol-g-t: BOD ^-g- v\°)SL 

i£ 2^ ■& M^cMl ^3 -§"<?!£- id «>o]^Aj]A-^oH ^ 7 >^i Aln.cq C0D2 f Aj^-Sl 

S. -^S^iL^l^ tifo] o_Ajl.^o|l ^7V^ COD ^ ^^*r ^^^^-^^Sl 

£ 4^ #*fl#*l (potent iostat)-i- «=>1 -§-?}• ^ ^ afl^-g- #*1 

^ '•>'•:- <'l-§-*> BOD tifol o_AflA^ SL^JSl. 

Hll';.} ;;1 tij-oj 0_AflA^joH $7}B) A) £.4) C0D ^ *|3_o} ^-TflS LfE}v})^ n 



2000/3/23 

51 9i- ^ ?i -Tf- 1>^M :^7l 7l£-7] <r<>l ^ tMl-S- ^iflfe ^afls. 
£ 10 £. £ MVigofl tcf-g. BOD ^^-8- HHi^l-H* 34- 67M ^7>^ 
COD jrin/j j-g ^^-§r M-EJ-ife 

1, 201: -g-^ 

^ 2, 202: <#^- 

3, 203: <#°1£- 

4, 204: -g--^^- 

5, 205: 

r • 1 - ^- Hi -7i _Q_ Al pi ^7 tiEdI- 

9: M-S- ^ Hi f-^ 1 ^ 

e 

10: AlS. ^ Hi ##nT 

11: ^"7l ' 

12: ^7] *. 
13: 

u: M- i 

101: ^ v ^ ; d^- 
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104: 3H^|^- 

105: ti^d^f 

109. 209: <\S- g *H ^ ? 

110, 210: *U#^- 

111, 211: 

w 112: *fla. «fla_ 

113: -Sr/^^Sr 7}^^ 

114, 214: 

^ <35> o r:1# ^ ^1 BOD ^-g- H}ol.O^A^l ^Ai, ^ ^^l^ASl 

^ c 'l M*)^ <d^^, ^ -?r*l, iiL^^l wl-g-ol x-^*! o. 

7]# ^£ BOD ^-g- uM-S^jU-M ^o]t\_ 

°1.2.<!H-;r ^-S- #-g-°l £-ir u fl£-°fl ^ 



10 19990027 1(>7 2000/8/2:, 
^T ^-g- Ufo]0_A]l.^ <^x||4j- Af-g-<5> o] *)-g- Ufo] O.Aj]^7}- w| 7 fl *4 -8- 5^ ^ ] ii] A). 

-g-Sl-H [thS. Tuner , 1987: Biosensors, Fundamentals and applications, 

Oxford Science Publications]. 

tHS, ^ ^lH9*Rr 7^oj|/.i f^Rr ^§-2] ^<*51^ 

iLS. sf^l *}±£L-T i & (Chemical Oxygen Demand, COD) it ^SJ-^M ^}±^- z t^ 
# (Biochemical Oxygen Demand, B0D)f!i^ ^*><^ 3.*1 ^ 

^«H u o V:7 'l $X°)*\ cfl#*l ir-2-?r 2] nil- ^t}. ^14, Bfl^ ^oii ^ 

-'H*}-e d)a^- x>sq-^ -R-7l#^^ «£f r 3*1 *Kr BODS ^-=8*Rr -f-Bfl^ aItJ-o) 
.'?-2|]^^a 7 -, ^ei "4^1 -^ v tr 4^4 =9-^1 ^'r ¥]-f.'.-6i4fe- g-afl3°l SESh ^"^4 

4J?4 «r H~ 3l^*]e] ^4 Af^s]- 4^0] ^-g-^fy] ^ -g. -° *t 

4 $J4. 

ols-l^ S-sfl^-a- ^44 444 % ^4 BOD ^^-8- 44i?- $*\7\ 7fl^£l^cf [ 
,') _T: : Hikuma - X J- , 1979: European Journal of Microbiology and Biotechnology, 8, 289: 
Riedel f- 1990: Water Research, 24, 883: Hyun , 1993: Biotechnology- and 
Bioengi nee ring. 41, 1107]. 4 7 l 4^r4 BOD *!Htt -g-rrti^ ^ -§- 44 

<-•!) ^ ujAg-g-^- Ji^sfA]^] nv.g. ^ igEflS.^, 4 lt fl BOD fi- ^r^Jlx} 4>- 
'UfL4 aV-S-^l-l 1 ?! 4«fl Jl^SF)-*! n]^#ol AlJiu}]^ 44#£- 42}-4^4] ±u] 




BOD ^-g- "H-'iUilH^ ^sfl^ ^°1 °J.^K 

-Mil. 1-6-^1 "1*3 #-& '4-^4 "fl^°fl 4-§-£ 4*3 s-ol^ °4*}<4 

rll^ 4,^ -w-^- <3<# ufl^V :4srf^°l ^^"4 «fl^l BOD^l ?i *fl &-§- M-E^ ^ 

5L . «1 3 '11 ?i ol J! 7§ Hi t= _w ^ L -| _ 
<41-- 'i'-'*fl, Clj^^^- -g-^4i - l . r .>. t|l^Al^-l- A>^--5>o^o> *}:>] nfl^-ofl #*|7> 

^"H. 4 Hi ill 71-^ ^ jDL^S-^l ^t) . 
<:42> M'-fl, -?-Efl BOD ^-g- Hfo)O.^A^o|l .'.>-§- 5] ^ U^^o. d] ^ .g. oj ^Jf^A^ ^ 7 ] Sj- 

iM;l-g- 2] 3 -r x j% v -r $.Jl-E-i?- t D U 7 H *H (electrochemical mediator) 1 -} 

•gS.£| «!^7| (transducer) -It- -V-^i^f^^ 7 4<4. 
• <«• -srl.^, <a]H}^ o_5>_ «7l 7i ^7ejofl A| ^ ^-sHr L^°1^H1 *4-E- 4 4 ^r-g- 

xfl# A}-g-t> -4- 91^. o] el tl- Ti^-r-3-« *>**M 4l*K4^r ^-g- ")^#^ « 7] 

3 jL-f-°l XHl-^Hr T|--'l#-i- "11 °l-8-lh -r 
51^ 4"4 tfsMMii. ^<V<£, 6:4 T b v ?J, , ^vr^ tt°1 ?1<4. 4 

4 -g-^l^vV "MH-> xi 4 vi ^Nl^l VJ-g-oll M 'M*r*r ^lH^l^ 
^sMH-y«l tr^Mll^^S- ?K1-;] «ir4 7p 6 v si-, 4<4 c r1. %^4''d. *felli?- 

-><4*H1 s ! : i! '1 -! 4 4 -r-#*fln - , I : -j-ni- ^^'"4 t}-?^H-! 4^?1^ V- i! 



1019990027107 



2000/8/28 



«?i [ t-}- J-i : •: ! '83-. 1 99f> : • 1 ^ vi ii] ^ , of ?i 1 1| uj *] 4 ] . 

• ;;• o)e]*} «] -/) vi ^--o. 4---a^->i-- n] xg^-oi ,;.i><v! ^uii -if oi oi^-s-j-t;- 4^4 4 -g- 4 

<45)- aflol*| g-ofl cH*V -g-*l)£7> ^71 nfl-g-ofl n|^§^ QjaV^o] 

^ ^-g-Ml^l l-l/r-^ 4 ^ -t--§- A <3 Ti7.^-8-^]# 413. vfl-¥-5. #^*M ^ & 

14. nj-sf '-i, 31 *n^o] 34. «?i«.o{| ^7fl*Hr -51.-4 ^f-g-^ll- £^*>7| 

4^*.V ^!EflS] rH .4 .^rj- Aj^uflo] £-:<fl#Cj-. afl-g. . 4s}-*ll °1 € # y AA *r**1|S. 

0 <"•]-§- -u^r^ Ir^cl 41t?£] < ^^- < $l xlSLtyzj -MrfsJ-n-til^- iGeobacter suJ furreducens 

)9\ A/^-H'e}- ^esffssf-Ajof!^ iShewanclla putrefaciens)^ ^-f #74*1^ ^^H^ A > 

x^)-7> i?l>fsl ;d7.f ^-g-^ls ?i<4^ : U4 ^1^21 vi 4?-l^ #*M H>'$ 

t-\ °\] M ;<] -S- «l-8-^>°i '<§^-*>7fl ^lcl I %V3- : Myers and Myers. 1992. Journal of 
Bacteriology, 174. 3429-3438; Seeliger -g- 1998, Journal of Bacteriology, 180: 
8686-3691]. , -fWtr °1 # ^Ml^ ^a>a) 1> 

# ^s>~ ^ -4# ^Jf-oi -£_g-^ ^-^-xlH) ^^>°1 -r-§-^)1» 7]J?.S. -R-71 

-jt^l P |H_oi ;l - g ,|1 r! 34344x4 ii| t -!]ol. >1 5}J1. '■■} 71 '4 4Hlfr -r 

Si-^ ^<4vi ^-g-^ "H8£- Vh^^-ir vi^-Pr $1 ^ *1 ?lJl ?l-r 

<>ll 4 t] d 'r-li- 313.-S- ^l-^-S -r Sin Jcl^'K °1 ^ ^ 1 i 

ii]*}-*} ol-g-sH-- «3lJL5i^ ¥r<4 cfltl-?]-^ ^ "o^'U^iL "4 1998- 16777 Jl 

(1998V! 6-t! o^Doll 7flA|5lo) 5'odI, -V- 31 oil tHi i^^tl^K 
<45> nvit-1], ^""1 f/^r^ °l-S-tr ^# 7 d 7 -l<H) ^^H. ^-^ 




2U00 • :-; ■ 



Ms vr -ii £-<HkR:- n • ;.; i] v! :: -ir^ -r- ^>l-. 

:47> J£ ^rfo] 1^?^ .y. 7] ^ ^ ^ o ] B0[) ^ ^ _g. H}o] C_ .y} ,v| «. ^ * _g- ;-V^ ol x | ov 

Iv 7flti€ BOD ^-g- U}'M^J'M ^ Aj-g-^ BOD -?f 7 d °o V ^# *fl^*Rr ?A Q )t-}. 



-48> 



41- ^ = a>o)^ o]^ ^1- <£S 7 d 7 -lS oi^ojxjji, a o v 7 ] 

-S-^-M^ "d'M *^ ^Hr* %Hl-^fe MS 7]- -^7>^ 53 5>fe- BOD 

<49> ath BOD #^-g- Hfois.^U-loiH, 'S^r-i- ; «-§- ^ °dlt> -f , -S- 

9) 5i, #7} ?d?lW3 iKi dHr-t- "1^# -^ D fls o]-8-^5.«l u d 

^¥1 ?i^rl" ^*Rr 3 ^JSS 5^ *lS #£>1 BOD ^ u o V ^<M ^l^^^K 

vl^-o-M:- "M^-V-it . #?1 ^-Y-fe- V; IHr. ot^. ^ 



vi 7 UH}^i fPsj ^l7r°l 5.^- si 



1 1 
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>ooo/:-s/2: 



-^h.o]1 5.^1 .^l-^ol -fM#-§- ia)5^A-| *fl# 

<52> -£ £tgs] tc uf^ ^.^oflA^, ot^. ^ o.^ o]s <#=l 7ii£Dp)) ol 

^s-i^i^ 3ii %7\t\3i, ^.g. 7^4- 7^ ^--a^v ^, -g-^<Hlfe *J 

■:r,H> iL 7)7lsK V *!-^ ^"fr #Tr ul'i'^^'f nll7flSim Si 

"'I (transducer) fto) v) ^U.:- x^l£>] -p r 7l# x>s^ nj Sl*}*!^ ^ <>1 ^ 




L'l.lOO .'-> 



•o5> ^--<i M-vi. iflsl -£H*14f ^ir Mil-?- ^'^ -f]7l5}^-^ 0.5. 

-t-f^i y-i afl^^i ^ishm ^ hi ^ -a- °)&*t 

# 5L f^'-l BOD-t «f^% v ^ r d 711 €4. 

-:56> !£*}-, U^l^Hl^ $7) ^W-O] ^Jfojj >14^^ 3 ^ Ml ^ ^5H1<#^ 

#?^>7] ^*H, :.'I*fl#*l« 4-8- ^ -r °M. 

'■->-> £- ^r3£ ?i 'l5r^^ «-^3 Hli?€- ^riflS] T c r7l## -LWH *M*Hr 

■;]7># AflS. Pl^-S. u o V #*H aj^^^S Tj^oD 7i^6->^ 7 dT S r* «H,84^ Hi 

% o] ^ tc-e ^ -8-7] 7}-45iz}^ jl^v #7]&nm.si 

°1 ^HHl- 71^-011 ei-s>-b ^ T° r -'1#^1 cflAHl sl?v 3*1 eIji. °1« 

V- ' I *}sL : £2] fl-7l§ i-.rtl- -7r^t> -t- M ^1CK 

'••->-> rVMl^-:- l 4 £ }- BOD m -n-7ll- fc-JE© ^4^v u o Vt ?Hl H)*1H 



2000/:-;/-:. 

<™> 1) Yl-| vl'"' '! ?K! ^lir^l "11 °H]- °Kf^ BOD ~^|-g- u^li^^l 

<r,i:- ^i-^oiiA-j «£^*Hr ir^l ?! <;-eixH]izr cj-^ 

SlSi^ [^^ : Nielsen §■ , 1997, Systematic and Applied Microbiology, 20, 645-651; 
Nielsen -§-, 1996, Water Science and Technology, 34, 129-136; Rasmussens ¥ , 1994, 
Water Research, 28, 417-425], 

-p- A>c-1 j- = # i'> # T ^ ?i 7> ?i ^ xfl |s- 7}- xl ji ol o] x] 7l S-T *V 3 # ^ _g- # cl . aj- 5.} A-j . 
. ;6 .V Bfl^uJ. o_oj£i *H^ofli=. cfoteV o.^o] ^7]#o| i^-s]oj %lo_B.S., °}^r 

% t\-rs] BOD-S- 0 ^1-^°J ^- # -<"--n-^ oi^-i-^o.^ 4; *1 1: 3J£ C H 

#*1 ^-^..) o_ ;7 |- 5LU]-. tcj-eM, A 1-^ C H:- 4>7) yfl^ iji ^s^-l ^ 

2] Cj-^wl xl-ylgl-^x| #7} *J tg # i.}-;^ , °] Yc 

1- ^Uifr^l BODfr ^ 

2 l J-14 
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iniuuunOL!7 !•'" '2000 'M - !_'.'-> 

-: rtf 4 wK:- -••] ,).,!] :^}vi •; *K- 1.<\.v. ';•:!>■;! VI -.C- '-I VJ-I-H:- Aitf 'I 
?]uK ^--r^-^H:- -#4i!- "NH?f^ o.5L -£-ir -fr-r-V-^ -fM *1 "1 ^ . 

Jl4 t}^- MjL-|j- ^7>*1-^ -S-^^-^l it^l ^lH* -tHl^^A-] 

^sItt #*V4 3 3 ^-*H ffl-V-fil S-5iu]-T47i] cm- ^^fo S 

^ 4^ ^ii-y- -r 4*4*1. °14 ^clS. 4^ 4H# ^ul 

-o-f-b t! 4 <?} §} -\ v ^HM S:Jb ^i-ffil- 4H, ^ ^ J ,5-*H± « 

<66> o] ^1 , ^a-sj 5i^-fr #2:5- *M . S^'HH £ t w cM 4 ^Afl^j ^slcf. 

< 6 7> £ i£- Ag-g- oi^^-x] sjtijo] ^ allot xt-;,]-, oj^-wV BOD 4J]H^ ii £ o] c> . 

(4)o|l a].vL (oil ^ ^ V«l ^4^, °Jt} I£b -"r 

SLl-g- ^4W. -g-^-<Hl^r *§44 ^-tll-S- -?r4*}4 ^*>^ °<^-¥-°fl^ ^1 

A- #3 44 -n-^ril- --r °14. 4 4\i CH^AS- 

5]^, ^-->.V2] nj^-LJ-oj 7]:s]-0- a>5^- W .J^Rr <i7lif a)£«J A^€r>^ ^14" 

^ BOD ^-^ti- -t- S:ltf. -U ^^oil Al-^ xv : -i ^'llo-f-ll &± -V- 

43.3- T^sj-oi ilM-. #M nfilf a}^ 7 }-x| cR4 7(111^ ^^--3- A>^-t> oj cj. 
<.7> £ 4 -a >A HVrfo] uj-ii-vxiut -fiv)o)|o) -£7]3\Q** uH^^^- ol^.«V BOD ^l^^l 

^^JiiojcK ol xl o- xKfo] xl^-H- 0J-^^7|| I)*}*] "^Vd^l fiSfl^v.) 

(potent iostat m ^7lA-j. xv^ |? i^ ( 101 )-Pr #'4 ^-g-^f^ vi^" 

'••II en ? v 71^- ;i'vi-n- tHsp-i-Hi truq. i :i '■>!-:■;- on oiti ?i4si-«}-?i ~^m-'->} -r- ^kk 



1019990027 HV7 2000/.V2.'-; 

7]-<?j v K-i-o] -a}}*}-?- -V-*l3E.°M. "'IS *K{- (H3)f..^-;-:- ^/^^ (Ak/AkC1)°1, 11 

i?!-^ (I02)^ilfe «!{ifo| A(.^.^cf. 7|^?i^ *Ufsl 2}"-g--7j. < iH'f -fr*l. Jil^«fl 
-r-b '•'! i! *H M 7 d^-£- #713 s]s.» °1 ^lfe 

<il ^^l" 7}*>J1 (<*3}-& 7l^^-^ tfl*M 'H^ilS +0.98 V) a]s (3]^r 

->) ^ Ull^sl-^i, ololl Ufef «i|-(^2}.)5l DjA!)-- xv :>.].§. BOD ^ 

4- Bl 6 ]iMs ^f-g-% v ^ ^4-. 

<69> fi-^Sl ol^j S.^^- Sf7| ^dJ £ ]H *MH1# g o)t)\^ ^ 

'i>. °H1 <il?Wr 3£r o}-u]cl-. 
• :?():• <A] [A] afl 1> 

•:7i: 'J-I^^-^-'-m °]-8-t> 7 d-'l^^ M# "1^-i" COD ^-£^1 ^# 91 Si 

♦ '<§#il: ^ »!l° 0 t^7i $is-H £ H 34 *ll 

^OJ ir^S] ^l-t-x-liilollA-l ^ ^-ZHSLS, 4. ^ # 

c d J?- ?! t'-I Si 7]iL sjElll- 'HI MIS. J 6-sl Bennetto -cK 1985. Biotechnology 

Letters. 7. 699-704] £ ^f^rS^k ?A^-& ^ (2). fr-r (1) 2.^ ?L+_ (£1 
5 x 7.5 X0.6 cm) 7,1 z^dSL^\ , ft^C] afl tl-Pr ^ y £- M-fi*}^4 [it ^ °1M tl- 




ICliWOUL'TltiT 



(5)21- -g-^-r 2 !- ^^-V-tt °l-& (3)_°-i?_ ^-elsm (1)^ 

(2 )-£ <?j^-S) o^^S]cK 0 1«H. $1-^3 SlS^l x^J--^ oll*>^ 



:>:fV '->ll 311 -r- ^ ^ °c^# ^% v * * -^-^l 

U |ot| -M-3>5r>^U)-. ^ 3^7jS] ^-^Uflot.^ 7-l:;0 * tiflTg ^^-71- «y^*>7fl -fM $1 



<7|-g- nfl ^5.^1 B0D-1- ' 7 >^lal afl- 



<74> 



0]^ i:<B)S ^7l-*>^uf. 51 2°1M M-^ «Vs+ 1>^1^ 3 7>€ 

afl-rSl COD^l tilefl^l^ ^7>*>£4. 2 th £ 3<HH i±Tr ^2}- rg-o] ^a> % 
^lIi- 0 -l C0D7} ^7>*>^1 nj-Bf til^l^o.3L -f-7>sH:|c}. 
<7r» av 7 | *(|3^ BOD ^l^ir 671]^ M71^a^ 17}]^ nf cf COD 50 ppm*l 

100 pp m -& ^4 -^7>-5H V>^lfe ?i^T^4- s. KH1 M-e]\B ^ ^ » a H« 

s-l-b d^^-rl 7-1 Si #2}-&«l 9J^5>?11 -fr^sl^cf. -"d-ff^^- BOD si 

',?! a-) o] -dV-g- 7) v Vo|l ^-zjl^ol -<]7H'l C0DS1 <£ofl icfs} <y^*V 31: -Pr-'l^ 3-^1 t 

<7>> <*J ^1 a]] 9> 
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<77> ;|*HPPV #-iVi] ^1^-^^7,1x1-^ ol-g-«V ip^ C0D 

i£X|sl -$5% -Q-*- ^l^}^*}. TiPls}-^ 1 - t (Electrochemical cell)^ 

^oiaji ^-e]!- A>-g-*>« o.d1 -g-^ 500 mlS. sl-^cf. *P3#°1 ^-2^5]^- ^-g-ofl^- 
"-P'd >d-r C^i -^3 5.) (101)^1 ci'S!)^-^ ^lsl<H -V-^H sl^u) xpl^ 

s]si- -"P^Pi ^]*>^ liSTi^r C^-id) (102) -a- -f^l-Ji W<P<1^ 

o$:gtH%.tt. nl^-i-ol 2}^^-^-^^ ^'^S ^SWM. 

?Pi^^- (104) ^ (105'H)^- ^ 7 >sr}^c|-. 

fr ^^ii^S. -fr*l*}7l ^*}<^ 7|^:ji^- (llMi-i- ^-ilsl'^.^ 

^ *1*)1 : '6 V *H A l^'l "f-'ll * (109)* ^^Jl. t4 

2} «7]-±i -R-^-l ^>7l ^r°i li^if °1 ll^ ^ till#7 

(no, liiife 0 d^-^'y Alfifil ll-S-^l ^ " ^ yfl^-S-S. 

ojcf. -3|^^q-2f -Tj*}- ^ Tl^-^ £3Hr "3 7 d^ 

Al# 3|<>i .vj-^-o] jz*^ x}^* -B-^)-3rl-7l| -op- v ti M*>^4. -H- -g^i 

oflA] afl.^ ^ ^ ^£-7}^ 3]^ (-1-^): ^°o l *fl^. 31^1^- 

<79> -i]^ ^ *ep<l# ^Si^HMI * : ^?i^rl- +0.93 vS 



A -V- 



2y-l,- 



Td-Vfll- 50 ,/A<HH *1 cl] 322 /<AJi ! - -6----'l-5>^ . ?!-<?] 1^21 ^ 153 A°l] M 

e>.^ -f o}*v "t^f Tilt^ ^ ^^-^5- ^7>*><^^. (109) 

sq. .^_h«fl#^r C110)» 31^11 <£-$^°-£. ^-^t^r ^ . 4^ 2d^V US ?d 

A>ol^ --d^-S ^-^l*V^-ir U H n-^^l ^3 ^5-°fl ^ : ^r^ ^2]-* ^-'il^ n- 

2) ',:)::) (#2l. 52 5). , °1 2^11" ^-g^M B0D-& <£^*\<L3. #3*Rr 3 °1 ?\ 

*1 2d^°H ^ 6). 2d^-°ll H -£E|fd 

91 s] 9r.) . 
<80> <^ a] c^i 3> 

<8i> BOD £\ ^ -g-^-ifq^ -^<* M ^2)- 

<82> M A H 2<HH 4-§-^ ^#2dJ?.-£l^ •iHH^ BOD &*\2i\ ufl<# 4^ ?4 

<* •g.-^oii v]^ afl^l (PBBM)-ll- Aj-g-^^o.^. Hfl^l-^^ t£ 4-#lr 1 g/L. -gs^s. 

1 g/L, Macro-mineral (II) 25 ml/L ( ^ El # 6g KH 2 P0 4 . 12g NaCl , 2.4g MgS0 4 - 7H 2 C) 
^ 1.6g CaCl 2 -2H 2 0 2 ml/L ( E] E] # 12. 8g Miii^HlSth O.lg FeS0 4 

■ 7IL0. O.lg MnCl 2 - 4H 2 0. 0.1 7g CoCl 2 -6H 2 0, O.lg CaCl 2 -2H 2 0. O.lg ZnCb. 0.02g CuCb 
•H 2 0. O.lg H3BO.V 0.0 lg ^E]iltj]o| < 10g \' a c 1 . 0.0 17g Na 2 Se0 2l . 0.026g N'i S0 4 - 0H 2 O S. 
*h. wlBKi^i O.lml/L (0.002k *]Sml. 0.002g °J 2d . O.OlOg B6( ^ ¥;-<■] )HC1 . 0.005g 
B1(E1 «4V! )HC1. 0.005k B2(u?.V.#e'rVl). 0.005k ^1 51^ tb( M<4vd J , 0.005g 2^^121. 
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O.OOOlg B12 (^f^r^^D ?A^, 0.005« PABA, 0.005k ( el^-IitB . e)Wr?l 

(Kesazurin) (0.2%) 1 ml/L^ 1.8%-fr ^7H"M sg V' "H^lir ^]3:*>^q-. o] ufl , 

#:i\^Z\}3. oVM1ea> 20 mM. ^ 30 mM, 20 mM-§- AA , &*}^r 

^r-g-^ "Mt! 2 fl^ 3] 5.^2^511 o|S (Ferric pyrophosphate) 20 mM-i: A f^-*>^. A . 

(0.85 c ;= 2^ir#)iTi 3M«H CFU (Colony Forming Unit /ml) 3. ^-$*} C <%JL, 2*}2\ 3*V*1 
7 ]>- zj-zf- l .'}|^^ §-<atr «H^l^f y o Vt £ ^^r'S^r. «> 7 1 5- 

<»3> [S. 1] 



■hi 


- -i " t *-f i — * - i c 

\\ >'\ o"' : M :H| im.M) 




l*i- 


2^ 






c h Ml ^ (20) 


itj] &\ 2^i_t:5i| °| i 20 i 


2.8 X 107 


0.9 X 104 


5.1 X 103 


3LiE^ (20) 


S^^JEi^olM (20) 


8.0 X 107 


1.3 X 105 


4.2 X 104 


-<!■[} (30 ) 


5il^^^i2^5j]0l E (-()) 


6.4 X 107 


1. 1 X 105 


4.1 X 104 




(20) 




3.6 X 105 


5.4 X 106 


1.5 X 105 


jtlZ.^ (20 » 


(20 ) 


2.1 X 105 


8.4 X 106 


1.4 X 106 


?1 L> ' 30 ) 


5fl^5q^5.Jh3flol E (20.) 


1.7 X 105 


1.5 X 106 


2.3 X 105 



<84: 



^7} S 1£| li^MM A ~f SKr AA S.7] A 2 -frei^l ^lli-x: ^S^^l^l -g- 

c5> < ;! >■}<■•( 4> 




•<! tfs) --VM-'l 3 4r4l <flir*l vKvv! 'i^HH : h -f-jun?*/tf.^ 

{Shenunelln put re fao ions) IR-1 (^i«iJL KCTC 8753P. th^r"-^ "'I -^-r^ "-11 ^ 
^ .-rj-7-.h i> ;•) 4 4-§-*H < lU<:. S. 7"). 

o| *fl^o of;,|n A}o_3i tiS^H ^ V ^s>-b 

^>-b -^^-g- : V v -c:-^f. ^^"-Y- (205)21 -§-^£- cflE* 20 mlS 0.1 « ufE^-o] 
£ 0.05 Mfil vJtl° D 3 ^^-8-^^ *]7>*l-^jl. (204)of|-b -FMtf/MMtf^ 

0 IR-1 -,v Hi- : 5 mg)^ 0.1 i^ v € 19 ml^ 0.05 M 

-S-^-S- l^'r^r^k -S-^- (201)^ 0.8 X 4 X 0.3 cm EL~*)2] &± ^S.^ -M-g-£BlA 
. (202)-?r 4*^1 'ch- (Reticulated Vitreous Carbon: ^ ^ : 3 X 3 X 0.3 

rm )» M-g-SKitk <$irz\ -£--=*- £ ^ (50012 )# *sfc^ o^tj^ ojufl^ .^oj-cq t^-j. 

If- 25 r s. n 0 r' 7 -)-c>y;>d:n, ^£ vpi&fr?} Q^&Q ^ : ^ Vz i c kf- s. 1 ^ 

£ 1 mU'-l ^liMr r (209)* -f-^°1 ^ 7>5> Jl a] ;;Hl : : ?i=r^ 7 l^f°i 

r 'l 1 3 "•;! -r^^k 

^_,-o) ^;r f ufol o_AijAlt}]5L ^-<y*>^-g- «fl MH!*ktr ?d^l ^-g^H;- 

5] <#<i »13]*H'l- -M.^l-TOi C 0M . 0]it^°d d^l -^HH-f _v- 7<H1 l}-u}-^.t/. *J ^o] 
^---1 rh 41 'll-ri: O.M^il^ o]> t t.-l^-g.^ ^--:r lt xi^o] 7]] Y ] -1 

2^-2 1 



200(j/:-;/2: j , 

^ - oio_^ 3il^cHl n}-e> ^^*V ^-g-o] #^ol o-^^ ^ oiji, sfl^ BOD &-§- 
i.^o^ ^ BOD ^ -g- «>°1 i^-H °fl A >-g-^l^r ^# «El 






1] 



^^-V-. Ti^r^-S-V- ll ?!?r^l 7l**Hr 71^.^-1- . -^71 ^ 



t3 



cr^ tKr^ ^7} ^7}^ ^o.^. *>fe- BOD ^ -§- u>o] o_ .y] a-] . 



BOD ^^-8- 9l A d • 



7fl2* 0 Hl ttf€- BOD ^-§- a>ol A"HH , -§-^4 x^* 0 V^- 7 ^ 

S\ afl^Al-lJT. Aj- 7 ] i,^ tiflc^s] 'U xil^-fi: °]-§-^J5_^ 

[ ': : t-;> 4] 

^if-, -{\¥r 3tH'- 11 3 #3 7l^*fll- 71^-^-S lf5H. #7l 



■7-) h i- c>\:-l cl oli^ otJ^. pi _P.^j-o] x] 5: nil *fl \;! ol 



2()00/:-S/LW 
[^% v 5] 

-^^■*H ^-^"n-^ Yi<^l-# -B-^Al^l^A-l, ^^-s\51-A\ t}^ ^7}*H 
-g-^^H i^-'-tl *flif rt l A li^l 4V7l## iHlsf^Al AjAVs]^. xjxfo] Jr.-g.-g- 2- 

# ^r£# ^3*Kr f^S ^ -^71 # ^ « 0 >^. 

6] 

-^e-]7l4 ^ofl ^fl^ &7]3%n% #^ *fl#"& ^ afl^l-fe y o V ^. 
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KmW00l!71fV7 



j:()0()/;-;/2. v . 



4] 



no ! 111 
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113 H01I i u)5 ^ 



5] 
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140 COD/h 



70 COD / h 




5COO/h 



4 
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